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Background: The fundamental nutritional treatment of a high fat diet for cystic ﬁbrosis (CF) is established and essentially unchanged in the last
25 years. However, recent concerns have emerged regarding the potential risks of such a diet. We investigated the diets of children with CF to
determine the source of energy, energy imbalance, and changing trends of fat intake.
Method: In a prospective longitudinal study over 8 years at a single paediatric CF clinic three-day food diaries that included supplementary nutri-
tion (SN) either as enteral feeds or oral nutritional supplements (ONS), were analysed annually. Inﬂuence of year on percent energy by type (fat,
carbohydrate and protein) and on fat component: saturated (SFA); monounsaturated (MUFA) and polyunsaturated fatty acids (PUFA) was
examined.
Results: 136 food diaries were analysed in 27 children (age range 1–18 years). 51 (37%) food diaries included SN (enteral feeds n=15 and ONS
n=36). Mean energy intake was 1726 Kcals (oral diet alone) and 2245 Kcals (including SN). Percent energy from macronutrients did not change
signiﬁcantly over time (protein p=0.06; carbohydrate p=0.44; fat p=0.07) and remained within recommended levels. Mean caloric contribution
from fat was 38.7% from oral diet alone and 37.8% including SN. Percent energy derived from SFA remained statistically unchanged (SFA
p=0.57) but fell from MUFA (p=0.05) and PUFA (p=0.004). Mean SFA consistently contributed >134% (mean 158%) of reference nutrient in-
take and mean PUFA intake b100% (92%).
Conclusion: Macronutrient intakes did not change signiﬁcantly in our population of CF children, but there was a consistent imbalance of fat-
sources with over-dependence on saturated fats which, in the context of increased survival in CF may potentially increase risk of cardiovascular
disease. Further studies are needed to conﬁrm our ﬁndings, investigate consequences of fat imbalance and guide clearer advice regarding appro-
priate proportions of sources of fat for CF patients.
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Dietetic management is an integral part of Cystic Fibrosis (CF)
care and needs to be pursued from infancy [1]. Good nutrition in☆ The data were presented at the European Cystic Fibrosis Meeting June 2010,
Valencia.
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June 2010 pS93.
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doi:10.1016/j.jcf.2011.10.007CF is associated with better lung function and survival but in-
creased energy requirements, fat malabsorption and increased
loss of fat in the stools make this challenging [2]. European and
American consensus guidelines recommend that CF children re-
ceive over 120% of energy requirements for age [2], with
35–40 percent of energy from fat [3]. However, there are con-
cerns from the CF population about the long term health effects
of a high calorie, high fat diet [4].
Replacing saturated fat with polyunsaturated fat is recom-
mended for the general population in order to decrease the. on behalf of European Cystic Fibrosis Society. All rights reserved.
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to reduce the sugar, fat and, specifically, saturated fat in UK
children was introduced in 2004. Early reports suggest this is
having a positive impact on intakes in specific groups [6]. No
similar recommendations exist for people with CF and little is
known about the fat composition of their diet. However, it is
possible that this national campaign has independently influ-
enced the diets of those with CF.
In this study we investigated the diets of children with CF. Our
aim was to determine the source of energy, energy balance, and
changing trends of fat intake in our paediatric CF population.2. Methods
We conducted a prospective longitudinal study from 2002 to
2009 at a single paediatric CF clinic (Royal Alexandra Children's
Hospital, Brighton, UK), registered as an audit. Inclusion criteria
were: 1) positive sweat test and/or two CF genetic mutations; 2)
over 1 year of age; 3) annual dietary review.
Data were collected as a three-day food diary as recom-
mended [3], including one weekend day. Families provided
portion sizes or weights of food. Sections including types of
fat used for spreading and cooking and type of milk were in-
cluded. Types and volumes of supplementary nutrition (SN)
either as oral nutritional supplements (ONS) or enteral feeds
were also recorded within the diaries.
The diaries were distributed by a CF nurse specialist at home
visits prior to the annual review and were posted back for analy-
sis. The data were analysed by one of three trained investigators.
Initially only oral food intake was assessed and then additionally
with SN. Nutrient composition was analysed using specially
designed software (CompEat, Nutrition Systems, Grantham,
UK) with reference to standard data on nutritional composition
of foods [7]. Where weights were not specified, portion size
weights were obtained from reference data [8]. Energy and nutri-
ent intakes were then calculated and collated for each year of the
study for oral diet alone and diet plus SN.2.1. Analysis
The following associations were investigated.1) The influence of year on percent energy by type (fat, carbo-
hydrate [CHO]), protein)
2) Percent energy by fat component (saturated, mono-
unsaturated and poly-unsaturated fatty acids [SFA, MUFA,
PUFA respectively]) examined by linear regression (SPSS
v17.0, Chicago, USA).
3) Mean percentage Estimated Average Requirement for ener-
gy (EAR) adjusted for age
Data were compared both with CF-specific guidelines
(where available) and Reference Nutrient Intakes (RNI) for
the general population from published UK standards [9].3. Results
136 of 202 (67%) food diaries distributed were completed
over an eight year period from 27 patients (10 male). The age
range was 1–18 yrs. 60% (n=17) were homozygous for
Phe508del. Three patients were pancreatic-sufficient (Table 1).
Over the study period percent energy from protein (0.69%
per year) and CHO (0.31% per year) increased slightly and
that from fat (−0.62% per year) decreased slightly but these
trends were not significant (protein p=0.06, CHO p=0.44, fat
p=0.07). Supplementation did not influence the percent energy
derived from these macronutrients (Table 1). CHO remained
the largest contributor to total energy intake (Table 1).
Throughout the study the contribution to total energy from fat
remained above 35%, consistent with recommendations [3].
The eight year mean contribution of fat to total energy was
38.7% from oral diet alone and 37.8 including SN.
Total fat intake remained over 100% RNI (Fig. 1). The per-
cent energy derived from SFA (Fig. 2) remained statistically
unchanged (SFA p=0.57) but that derived from MUFA
(−0.72% per year, p=0.05) and PUFA (−0.88% per year,
p=0.004) decreased significantly during the study. Supplemen-
tation provided a significant increase in percent energy derived
from MUFA such that this was the greatest energy source de-
rived from fat during the final 3 years of the study in those pa-
tients taking ONS (Fig. 2). Mean SFA intake was consistently
above the RNI (158%), and mean PUFA consistently below
the RNI (92%) during the study period.
4. Discussion
We characterised diet composition and trends over time in
children with CF. Carbohydrate remained the largest energy
contributor source and fats contributed approximately 40% of
daily energy requirements, in line with recommendations [3].
However, intakes of saturated fats were well above the RNI
while intakes of polyunsaturated fats were consistently below
RNI when looking at oral diet alone. The high SFA is in part
to be expected as higher intake of fat is required to meet recom-
mendations however it is the disproportionate distribution of
the fat that is of concern.
In the context of increasing survival in CF it is essential to
consider the consequences of early life interventions. The
longer-term effects of high fat intake were previously thought
not to be associated with detrimental effects on lipid profiles
in CF children [10] or adults [11]. However, more recent
work has suggested that signs of increased arterial stiffness
can be identified in adults with CF that may be a sign of prema-
ture ageing of large vessels [12]. While it remains uncertain if
this is associated with increased risk of cardiovascular disease,
increased ratios of saturated to polyunsaturated fats could con-
tribute to this possibility.
Previous studies investigating dietary intake in CF children
[13-16] have shown that few achieve the recommended high
fat intake (35–40%). For example, Kawchak et al. [16] found
a three year mean total fat intake 33% of total energy intake
in a North American population. Much less is known about
Table 1
Demographics, energy and macronutrient intakes.
2002 2003 2004 2005 2006 2007 2008 2009
N 19 19 21 20 15 16 18 8
Age (years)* 7.0 7.0 8.0 9.0 10.1 9.7 10.8 11
Male 6 5 6 5 4 3 7 6
Pancreatic sufficient 1 1 0 1 2 1 3 1
Taking oral nutritional supplements 5 5 7 4 3 4 3 3
On enteral feeding 0 1 2 3 3 4 3 1
BMI Z score at annual review* −0.47 −0.29 −0.15 −0.04 0.19 −0.29 −0.09 −0.03
Dietary energy from foods*
(including supplementary nutrition) Kcals/d
1717
(1922)
1750
(2359)
1748
(2348)
1732
(2259)
1661
(2227)
1430
(2065)
1802
(2467)
1970.
(2318)
% Energy EAR#
(including supplementary nutrition) Kcals/d
108 (124) 114 (138) 101 (143) 98 (124) 88 (123) 78 (115) 91 (130) 104 (140)
% Energy CHO from foods*
(including supplementary nutrition)
45.9 (52.7) 44.9 (52.5) 44.8 (49.4) 44.8 (44.9) 48.1 (52.5) 49.3 (49.7) 47.2 (45.3) 44.9 (46.0)
% Energy protein*
(including supplementary nutrition)
14.0 (14.8) 13.3 (11.6) 13.9 (12.6) 14.0 (13.8) 13.1 (11.1) 14.6 (13.6) 14.5 (13.2) 15.7 (14.6)
% Energy fat* (including supplementary nutrition) 39.4 (33.5) 41.2 (37.0) 40.2 (38.8) 40.0 (39.0) 38.0 (37.1) 35.1 (37.6) 37.8 (41.2) 38.5 (39)
Data presented as n except *values expressed as mean (SD).
#Adjusted for age. BMI = body mass index; EAR = Estimated Average Requirement; CHO = carbohydrate.
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study suggested that percent energy from SFA and MUFA was
significantly higher in CF compared with non-CF controls,
whereas the percentage of energy derived from PUFA was
slightly lower [17]. This is consistent with our results, although
we compared intakes with RNI rather than a control group.
Our results support that quality, as well as quantity, of fat
supplementation in CF requires careful attention. Essential
fatty acid deficiency is common [18] and may be related to
chronic inflammation or malnutrition [19]. Imbalance of fat in-
takes may contribute to this problem.
There are several limitations to our study. The number of
subjects is small, though comparable to similar previous studies
[14–16]. It was conducted in a single centre: with the advantage
of consistent methodology, but inability to account for regionalFig. 1. Mean intakes of total, saturated and polyunsaturated fat compared to UK
Reference Nutrient Intakes (RNI) adjusted for age.dietary differences. We did not study a comparison group of
children without CF and so were unable to examine any dietary
changes in our local non-CF population over the study period.
Three-day self-reported food diaries are the recommended
method for quantitative assessment of energy or nutrient intake.
A weighed intake method, although ideal, is too burdensome to
be used for a longitudinal study assessing trends over many
years. The use of reference standards for portion sizes when
weights were not provided ensured standardisation. Estimated
diaries have been shown to provide equivalent dietary informa-
tion to the gold standard weighed intake method [20]. Howev-
er, we also accept the actual proportions of energy sources and
fat-types absorbed may be different if we had also measured
their actual loss in stools.Fig. 2. Percent of total energy (mean) contributed by fat component over the
study period.
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Macronutrient intakes are not changing significantly in CF
children, but there is a consistent imbalance of fat-sources
with over-dependence on saturated fats. Saturated fats are a
convenient energy source, being solid at room temperature
but the extent of the imbalance identified by this study is of
some concern.
Larger scale studies in the CF population are required to con-
firm our findings, investigate associations between fat imbalance
and cardiovascular risk in the context of increasing survival, and
to develop evidence-based guidelines regarding appropriate
sources of fat for those with CF.
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